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(54) Title: METHODS AND COMPOSITIONS FOR PROTECTIVE AND THERAPEUTIC GENETIC IMMUNIZATION 
(57) Abstract 

Disclosed and claimed 
are methods and compositions 
for raising protective and 
therapeutic immunity in 
humans and animals by 
genetic immunization. The 
subject invention combines 
both safety and efficacy 
in the treatment of viral 
infections and diseases 
caused thereby. The methods 
of the subject invention 
comprise tra n sdu ct ion of 
cells with a construct that 
directs the expression of an 
attenuated virus not capable of 
causing disease, for example, 
replication-incompetent* The 
enhanced efficiency of the 
subject invention in generating 
an antiviral immune response 
is due in part to a unique 
method for vehkulating 
attenuated viral particles 
within the host human or 

animal. Specifically, the attenuated non-patbogenic viral particles of the subject invention which produce the therapeutic or preventative 
immune response are generated by cells in the lymphoid organs such that the release of the viral particles occurs in the location within 
the human or animal body where antiviral responses are generated by cells of the immune system. The release of the virus particles in 
the lymphoid organs is achieved by transducing host cells of the lymphoid organs (or cells which migrate preferentially to the lymphoid 
organs) with a genetic construct which results in expression of the attenuated virus. As described more fully herein, transduction of 
dendritic cells is particularly preferred. 
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DESCRIPTION 

METHODS AND COMPOSITIONS FQR 

5 PROTECTIVE AND THERAPEUTIC 

QSNET1C IMMUNIZATION 
Bflrtfgpufri of the inYCTtkm 

Mffiy tfie nvyt Haarily mri debilitating Hic**«*q afflictin g hmmnt flnd aninmla nrm cSUSOd 

10 by viruses. The invention described herein is directed toward preventing and treating various 
diseases caused by viruses, and in particular diseases caused by retroviruses. For example, the 
subject invention is applicable to cancers such as adult T-cell leukcnua/lyinphocna, caused by the 
retrovirus HTLV-1 (human T-cell lymphotropic virus, type 1). This cancer poses a major health 
problem in Japan and similar problems in clusters of the Caribbean, South American, and United 

15 States population. Pombo de Olivers et ai (1990) Lancet 336:987-991, Sherraata et al (1992) 

Arch Neurol. 49: 1 1 1 3. HTLV-1 has also been linked to various inflammatory disorders, such as 
Sjdgren's syndrome, in western Japan when HTLV-1 infection is endemic (Kaoru et ai [1994] 
Lancet 344: 1116-11 19), and degenerative encephalopathy that paralyzes the lower extremities 
(Dixon etal [1990] West I Med 152:261-267). 

20 Another retroviral disease addressed specifically herein is AIDS, caused by HIV (human 

imrroiinrifificiency virus), a particular type of retrovirus called a lentivinis. Recently, it appears that 
heterosexual women between the ages of 1 8-24 are the population exhibiting the greatest increase 
insero-poanivityfbrHIV. Because women infected with HTV are the major source of infection for 
infants, experts report that AIDS mortality in childnmwiU increase. Kimball etal. (1995) Annu. 

25 Rev. Public Health 16:253-282, review the devastating effect of the AIDS epidemic. 

Examples of retroviruses causing animal ftftftrare include immunodeficiency virus 
(SIV), feline leukemia virus (FeLVX feline T-rymphotropic lentivinis (now A^igmt^ as feline 
immunodeficiency virus (FTV) reported by Pedersen et al. [1987] Science 235:790-793), and 
Bovine leukemia. Other diseases caused by noo-retrovinises, which are nevertheless subject to the 

30 invention described herein, include cervical cancer caused by human papillomavirus (HPV), primary 

hepatocellular carcinoma caused by hepatitis B, Burkxtt's lymphoma and nasopharyngeal carcinoma 
caused by Epstein-Barr virus (EBV), lower respiratory infections caused by respiratory syncytial 
virus, herpes, smallpox, encephalitis, measles, and influenza 
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Briefry, viruses are obligatory intraccOular parasites th^ replied ^ 
host's cellular mechanisms. Virus particles typically include a gencme comprismg one or a few 
nx>leailes of either 

which arc present as enzymes or regulatory proteins. Viruses are often categorized according to (1) 
the kmd of nucleic acid that constitute the genome^ 

nx3rphotogyofthevirioa Viral c tontfV atton and nomenclature are reviewed in Famcr et al. , eds. 
(1993) Veterinary Virology, 2nd cd, Academic Press, Inc., San Diego. 

The body combats viral infection with a combination of cellular and humoral immune 
m cc * Mnisnw Cytotoxic T rymphocytes (CTLs) comprise the principle weapon in defending « g »mc t 
established viral infection. Specifically, CD8* CTLs recognize antigens associated, with class I 
Major Histocompatibility (MHC) molecuks while CD4* T-cells recognize antigens associated with 
the class U MHC molecules. Early in the course of viral infection, specific antibodies prove an 
important weapon in defense against viral attack. Although the precise nwhumomo 0 f how 
antibodies neutralize viruses is ii* kno^ 

are capable of neutralizing viral particles. Accordingly, the success of prophylactic vaccination with 
subunit, att e nuat ed, or killed viruses is largely related to the vaccine's ability to stranilate antibody 
responses. See generally Abbas et al, [1994] Cellular & Molecular Immunology 9 2oAtL 9 W.B. 
Saunders Co., Philadelphia. 

More specifically, subunit vaccines consisting of viral proteins are administered in hopes 
that an immune response raised to viral protemswfflef&ctivety This mode 

of vaccination is directed at humoral or systemic immune responses and typically elicits the 
production of IgG antibodies. This type of antibody remains primarily in the bloodstream of the 
individual in order to prevent blood-born disease. In the case of HIV* 1 for example, many of the 
vaccines directed at preventing HIV-1 infections are such subunit vaccines which use either 
25 recombinant HIV-1 envelope or core proteins and are administered either mrjamuscularry or 
subcutaneouary. These vaccine approaches have not raised efficient immune responses in HIV 
models, however, in part because the selected cloned and expressed protem 
epitopes in an authentic fashion. Letvin (1993) New Eng. J. Med 329(19): 1400-1405. 
Additionally, viral nidation fiwlitatesvi^ 
30 epitopes. Nowak etaL (1995) Nature 375: 606-611. 

Remaining with the HIV modd, in addition to subunit vaccines, bve atteniiated viruses have 
been proposed as vaccines. However, live attenuated viruses that are not abk to replicas 
in vivo do not elicit protective immune responses (Letvin et aL [1995] 1 Virol 69:4569-4571). 
Conversely, state-of-the-art live att e nuated HIV viruses that are able to replicate efficiently in Wvo 
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are too dangerous to use for vaccine purposes (Letvin [1993] New Eng. J. Med 329(19): 
1400-1405). 

A particular example of an nttrminf 1 live vaccine that proved too dangerous for general 
vaccine purposes was developed against rhesus macaque SIV (SIVmac). The a tt en uat io n involved 

5 a deletion of the viral nef gene, a 23-29 kD protein located in the infected celTs cytoplasm and 
plasma membrane (Allan, J.S., et al [1985] Science 230:810-813). The nef-ddeted SIVmac 
maintained the ability to integrate and replicate, Although nef-deleted SIVmac vaccination protected 
adult rhesus monkeys against subsequent infection with pathogenic SIVmac (Daniel etal [1992] 
Science 258:1938-1941; Almond et at. [1995] Lancet 345:1342-1344), young rhesus monkeys 

10 developed <r an/ ^ m ^ fatal disease upon vaccination with the nef-ddeted SIVmac * Baba et al. 
(1995)Science 270:1220-1221. 

Moreover, k has been sl^ recently [1995] Nature 377:740-744) that HIV-1 

complexed with neutralizing is highly infectious in the presence of follicular dendritic 

cells. This explains why a traditional vaccine strategy inducing a humoral response may not be 

15 effective. 

Thus, the possibility of contracting disease is indeed the major concern related to the use 
of replication-competent attenuated viruses. Additionally, in the case of retroviruses (especially 
lentiviruses), it can take years before understanding the potential toxicity of traditional vaccines. 
This greatly increases the safety concerns and limits the use of replication competent vims vaccines. 
20 There is an is an urgem need to identify safe ari This 

need is addressed by the genetic immunization technique of the present application, which provides 
protection from a variety of diseases. 


Prirf f>\vmm of the Invention 

25 The subject invention concerns methods and compositions for raising protective and 

therapeutic immunity to viral infections in human* and «iwm-aia by the technique of genetic 
immunization. Genetic mwmmiyitinn comprises the expression of genes e nc odi n g foreign antigens 
in the lymphoid organs for the preventkn and treabnem of diseases. As described more My below, 
when the genes of a rcplicatkn-incompetent virus are expressed in the lymphoid organs, preferably 

30 in dendritic cells, immunity is generated by primary and secondary immune responses due to viral 

particle production and limited reinfection. 

In a preferred ^twtimwit the methods of die subject invention involve transducing a cell 

ftf a tirvtf human nr animal with a generic construct which confers upon the tr mwrilircd cell the ability 

to express an attenuated virus. The attenuated virus produced by the transduced cell is, preferably, 
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infectious but repiicatim-mcornpetcnt so that the vims is not capable of pathogenicity. Although 
the virus produced by the transduced cell is not 

response capable of conferring upon the host protection against infection by the wild-type virus. 
Thisumquercsuuisaccon^ 

theJympbcxd organs of the host animal cr human. Advantageously, the attenuated virus has the sue 
and other characteristics of the natural vinis wim 

capable of pathogenicity. The efficiency of the immune response is niaxirmzed by the natural 
characteristics of the attenuated virus as well as its expression in the lymphoid organs. 

The lack of pathogenicity of the attenuated virus produced according to the subject 
invention can be norwnpH^ but as described herein, preferred ^mh^in^, 

of the subject invention involve genetic modification of the viral genome, e.g., elunnuuion or 
reduction of the virus* ability to productively replicate or integrate. By cloning this replication* 
incompetent viral DNA, it is possible to create a vims particle which is oixly niildly iiifecdous. If 
presented toa host using standard procedures, such a ini^ 

an effective immune response capable of protecting the host against subsequent challenge. In order 
to solve this lack of protective or therapeutic intmunogenicity, the subject invention comprises a 
unique means of effectively enhancing the imnunogenkaty of the attenuated viral particle by 
presenting these viral particles more directly to the immune system gnmp^^ which arc 
nspcnsibk fbrincmntiiig the antivirai response. Specifically, cells within the lymphoid organs are 
transduced to confer upon thm the ability to piodu^ 

These viral particles are nearly identical to wild-type virus in terms of sue, biochemical properties, 
and aiMiyai pronation ofviraiprotems, with the exception that the an-miffd virus & ^ capable 
of causing active injection. Although the attrmiatcd virus produced by the vinis^rnxnicing cells of 
the subject invention is not ante to spread the mfectic^ 

immune response. The ability to raise the desired immune response is due to the virion's structural 
and mechanical similarity to the wild-type virus, as weU as the fact that the attenuated virus is 
specifically produced mck»ep^ 

The methods of the subject invention can be used to elicit a protective immune response 
prior to viral exposure, or, advamageously, these niethods can be used after viral exposure to 
generate an enhanced immune response. Post-exposure treatment is particularly advantageous in the 
case cf mfecticn by vinises wh^ 

Qon-tmTmmizcd patients in miTmmologicafly gmpctent stages of the disease. 

As described more My herein, the traiisducticn of the htMt cells can have other highly 
advantageous consequences including, for example, the inhibition of replication of wild-type virus 
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in the transduced cdls. Cross-protection against related viruses can also be achieved because of the 
presentation of the broadest spectrum of immunologic determinants. Thus, the methods described 
herein can further be used to raise immune responses against heterologous viruses, or even to raise 
a general antiviral immune response. The procedures of the subject invention are particularly 

5 advantageous because they result in a highly effective antiviral immune response white maximizing 
thesa£^ofa^vaccinatx)nartherq)eutic procedure. According to the subject invention, it is now 
possible to safely raise an immune response to a full-sized viral particle without danger of causing 
disease. Furthermore, because viruses are known to mediate many types of carcinogenesis, the 
procedures of the subject invention can be used to treat or prevent these cancerous conditions by 

10 *\mmatmQ or reducing the viral infection which is necessary for the initiation or progression of the 
cancerous condition. Moreover, the procedures of the subject invention are applicable to treating 
tumors exhibiting particular recognizable antigens by eliciting the appropriate immune response 
against said antigens. 

In a further embodiment of the subject invention, the immune response generated in the host 
15 animal by the expression of the attenuated virus can be enhanced, directed or modulated by 

introducing in the transduced cells a second genetic construct which directs the expression of an 
immune system modulating molecule such as a cytokine. 

The methods of the subject invention can also be used generally to increase the efficiency 
of recombinant viral vaccines. For example, substantial research efforts have been made to develop 
20 recombinant vaccines using various pox viruses as viral vectors. These pox viruses may be, for 
example, vaccinia, fowrpox, canary pox, or swinepox. When used in alternative hosts, or when 
expressing antigens of low immunogenicity, these viral vaccines are often ineffective in eliciting a 
useful immune response. This problem can be remedied by the unique vehiculating methods of the 
subject invention whereby transduced cells migrate to the lymphoid organs to express the viral 
25 particles. The transduction of the cells migrating to the lymphoid organs greatly increases the 
efficiency of die immune response elicited by the recombinant viral constructs. Alternatively, these 
viruses injected directly in the lymphoid organs can infect antigen-presenting cells and produce 
infectious virus particles. Such in vivo injection may overcome the problem of ineffective CTL 

inrfiigti/m «<W mtffWnrml nH minigtm tifin 

30 Thus, the methods and conpositions of the subject invention are useful for (a) stimulating 

an effective immune response to viral antigens; (b) inhibiting virus replication and virus-mediated 
carci n oge n esis; (c) generating long-term cross- reactive memory; (d) active immunization against 
tumors; and (e) generating safe genetic vaccines. 
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Thcsui^invcntioDOOmbineg both safety and efficacy by umg «n»m,-~| v^,^ ~*^<&\ 
cannot spread infection. These viruses ate made effective hy v*h^uw ng ^ hirm»nc ^ 
animals by means other than their own replicate*. However, if the attenuated virus is capable to 
complete several rounds of replication, the vims may be injected directly into the tvmphniH nrpm* 
Consequently the viruses are safe and effective for raising protective and therapeutic immunity in 
himiyiq mH animals. 


Brief Description nf the nrmygiffi 

Figure 1 illustrates genetic immunization, ONA encoding a Class 4 virus is used to 
transduce cdls , preferably dendritic cells (DC). Those transduced cells are then transported to the 
lymphoid organ, where the transduced cells express the Class 4 DNA as proteins and virus and 
become pnmaiy anngen-presenting cells (APCs). The Class 4 virus, released ton the transduced 
cells, can act as soluble antigen and also infect other cells present in the lymphoid organ such as 
T -cells, macrophages, and dendritic cells. These infected cells become the secondary antigen- 
presenting cells. Both primary and secondary APCs present viral antigens in an authentic fashion 
in the context of the major histocompatibility complex (MHCX concentrated in the lymphoid organ, 
efficiently raising the host's immune re s ponse. 

Figures 2A-2B illustrate a wild-type retrovirus genome, some particulars of the integrase 
protein, and an example of the attenuated integrase gene that generates a Class 4 retrovirus. 
Specifically, this mutation results in a tr un c at ed integrase protein which starts at the 5 '-end as "wild- 
type" and stops at the first stop codon after the deletion, consequently the mutant protein is about 
half size of the wild-type integrase. 

Figures 3 A-3B depict the pa th oge n i city of four classes of viruses based on their ability to 
replicate in a given host Figures 3 A-3B are read in conjunction with Table 1. Classes 1-3 have been 
introduced by Babaer oil (19«^ Class 
1 vims is wild-type virus that replicates anew the threshold level so y"Tmii rxists 

and causes disease in the host Class 2 vims may be wikUyp* nr nttm^^ th*t vm\ n r p\\^ m 
occurs above the threshold level, but may or nuy not cause disea^ Class 3 viruses 

cause disease in hosts whose immune systems present a lower threshold. Class 4 viruses are 
attenuated sudi that replication u 

a lowered threshold. See Example 1, below, (or a thorough discussion of Figures 3A-3B. 

Figure 4 depicts the plasmid construct p239SpSp, carrying die defective gene «wvim g the 
truncated integrase protein. 
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Brief Desciiutian of the Sequences 
SEQ ID NO. 1 is primer FLS as used according to the subject invention. 
SEQ ID NO. 2 is primer FLS as used according to the subject invention. 

Waited PiirclftifllTC rf ftp Invention 
The present invention concerus materials and methods for stimulating a safe and effective 
antiviral immune response in a human or animal. The methods of the subject invention comprise 
transduction of cells with a construct that directs the expression of an attenuated vims. As used 
herein, reference to "transduction^ of cells means the transfer to cells of DNA which confers upon 
the <xlb the abihty to produce a vinjs as describe instances, express a cytokine 

and/or tumor antigen. The transduced cells are referred to herein as virus pmrfiiwr «>n« Typically, 
the transduced cells would be cells of an animal or human host. The attenuated virus construct is 
specifically designed to express an attenuated virus which is not capable of causing disease. The 
attenuated virus may be, far example, nqplkatkihrnryiripctcnt If the attenuated virus is a retrovirus, 
integration defective viruses are used preferably as rqrticafcon-inconipctent viruses. Although the 
attenuated virus is not pathogenic, its expression by the virus producer cells is accomplished in a 
manner which causes a highly efficient and effective immune response in the host In a preferred 
e m bodi m e n t, the virus producer ccQ is designed to produce defective viruses in the lymphoid organs 
where immune responses against viral antigens are induced. As used herein, references to lymphoid 
organs would include, far example, lymph nodes, the spleen, and the thymus. A critical aspect of 
the subject invention is the ability to present to the mimim? system viral particles which are nearly 
identical to the natural virus except that the viral particles of the subject invention are not 
pathogenic. Advantageously, the viral antigens are presented to the immune system in their natural 
conformation, thereby facilitating a highly effective immune response. 

In a preferred embodiment, the viral particles are not pathogenic because they are never 
present in sufficient numbers to cause self-sustained infection 

(i.*., Class 4 viruses as described below in Table 1 aiui its aaompanying text). Although the viral 
panicles produced according to the subjeairxventkn are riot able to cause disease 
in a manner winch causes an effective immune response. Specifically, the viral particles are released 
from the transduced cells in close physical proximity to the immune system cells which are 
ic s iH M isi bl c for generating antiviral responses. By creating virus particles which closely mimi r the 
natural virion and by selectively concentrating these am-pathogenic virion particles at the locations 
where antiviral responses occur, it is possible to create a highly efficient and effective immune 
response Advantageously, the virus and the virus producer cells produced according to the subject 
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mventian will be ultimately dmrniatrri from the body by the immune system because (a) the virus 
cannot establish infection and (b) the virus induces an antiviral immune respons e . 

The methods of the subject invention can be used prior to the host being m fa trd so as to 
raise an immune response which will help prevent infection. Alternatively, or additionally, the 
5 methods of the subject invention are useful for gnhnrmg the host's immune response once a viral 
infection has occuned Such post-exposure treatment can be very important, particularly when the 
viral infection is one which normally would cause a decrease in the host's natural tmrmmg response. 
The enhanced efficiency of the subject invention in generating an antiviral immune response is due 
in part to a unique method for vehkulating attenuated viral panics within the host Human or 

10 animal. Specifically, the attenuated nonpathogenic viral particles of the subject invention which 
produce the therapeutic or preventative immune response are generated by cells in the lymphoid 
organs such that the release of the viral particles occurs in the location within the human or animal 
body where antiviral responses are generated by cells of the inimurc The release of the virus 

particles in the lymphoid organs is achieved by transducing host cells of the lymphoid organs (or 

15 ceils wtikh rmgrate preferentially U) the lymphoid organs) with a genetic construct which results in 

expression of the attenuated virus. As described more fully herein, transduction of dendritic cells 
is particularly preferred 

A further aspect of the subject invention concerns the stimulation or direction of a specific 
immune response of the host by co»uitroduction into the virus producer cells of at least one gene 

20 expressing an immune modulating molecule in addition to the genetic material »y^ in g the 
attenuated virus. This creates a vinrs/cytokine producer ceiL In a preferred mhnbment of the 
subject invention, the virus/cytokinc producer cells are designed to express gene products 

preferentially in the lymphoid CfganS. The eytolring «ugm«>nt« »ivl/nr inflinwm th*> typ* nf jTrmmwy 

response gnnr rat cd by the attenuated virus. 

25 Examples of cytokines which can be used to enhance the immune response or direct a 

particular immune respor^ IL-2, IL-3, IL-4, IL- 6, IL-7, IL-12, 

TNF, GM-CSF, and IFN. See, for example, Dranoffe/ ai (1993) Proc. NatL Acad. Sci. USA 
90:3539-3543; Nohria, A^ RJi Rubin (1994) Biothtrapy 7:261-269; Wolf etal (1994) Stem Cells 
12:154-168; Kelso, A. (1995) Immunol. Today 16(8):374-379; Bentwicher ai (1995) Immunol. 

30 Today 16(4):187-191; Garside et al (1995) Immunol Today 16(5):220-223; and the references 

cited in these articles. Additional aspects of the present invention include methods for inhibiting 
virus replication and vinis-mcdiated carcinogenesis. In one embodiment, inhibition of viral 
replication is acccxnplished by cytotoxic T-cdfa which can destroy cells expressing any viral antigen. 
Cytotoxic ceDs are produced by inducing either naive or memory T-cells with antigens expressed in 
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the lymphoid argons. This is a highly advantageous feature of the subject invention because it is well 
known that viruses, e.g.* human papilkmwvirus, hepatitis C virus, HTLV- 1 and human herpesvirus, 
type 8 (HHV-8) (also called Kaposi's sarcoma herpesvirus (KSHV)), and fflV-l, can mediate 
cervical and laryngeal cancer, liver cancer, adult T-cdl leukemia, and Kaposi's sarcoma, respectively. 

5 See, for example, Bedi et ai (1995) Nature Medicine 1:65-68. Inhibition of tumorigenesis, 
ther efo r e , can be accomplished by killing cells expressing viral antigens independently, whether the 
virus is directly or indirectly involved in tumor formation. 

Another aspect of the invention is a method for generating a safe genetic vaccine against 
viral infiyrin« ? This is accomplished as described above by production of attenuated viruses, with 

10 or without cytokines, in the lymphoid organs of a naive individual Efficient antigen presentation 
in the lymphoid organs results in clonal expansion of antigen-specific T-cells which are necessary 
to handle a large number of foreifm antigens. Some progeny of antigen-responding cells develop 
antigen-specific memory T-cells which initiate rapidly a larger secondary immune response upon 
subsequent stimulation 

1 5 Thus, the genetic immunization techniques described here can generate from naive T-cells 

a large number of memory T-cells specific to many or possibly all different viral antigens to avoid 
the possibility of antigenic escape. This is achieved by the professional APC (e.g., DC) presentation 
of all viral protein epitopes to different immune cells in the lymphoid organs, as described above. 
In addition, virus is produced which acts as soluble antigen and infects other cells in die lymphoid 

20 organs. Augmentation of the immune response is achieved by reinfection of other cells in the 
lymphoid organs by the attenuated viruses resulting in secondary antigen presentation. Also, the 
use of adjuvants (e,g. f cytokines) or repeated administration of the vaccine can be used to augment 
the specific itittnitnft response. 

That such long lasting cross-reactive nununity may be generated hu 

25 etaL ([1994] J. Exp. Med 179:1933-1943). This paper presides evidence 

be substantially rtsrtmulatrd by viruses mat are not serologically cross-reactive. This is true for both 
T-ceil and B-cett responses. It is known that T-cells recognize short peptides of 8-13 amino acids 
and that they can cross-react to variants of the original peptide, ^ 

complexes. Therefore, T<ell cross-reactivity may not be limited to related pathogens. Another 
30 important feature for cross-reactivity is that memory T-cells are present at the same frequency in 

both the hynmhoid organs and the blood, a property befitting a cell needed for immune surveillance 
(Lau etal (1 994] Nature 369: 648-652) . Therefore, unlike naive cells, memory T-cells are exposed 
to antigens which are not in the rymphoid organs and rapidly respond to infections. The genetic 
immunization technique of the present invention generates memory T-cells against all viral antigens 
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presented m the ocxrect ccnfbnna^ 
in&ctedceQs. InmfixtkiBlikeHIVor^ 

the conserved or cross-reacting antigens can provide protection against subsequent challenge with 
another subtype. 

Cross-protection between different subtypes of viruses is especially important in the case 
of HIV and influenza infection, where large numbers of different subtypes can rapidly cmer^. 
Evidence for cross-protection between different subtypes was recently demonstrated by Mariink et 
al % therefore genetic i mmimiyitfinn with HIV-2 may protect against HIV-1 infection (Mariink et al 
[1995] Science 265:1587-1590). Moreover, as described, this type of genetic inununization using 
a whole virus will protect against HIV variants more successfully than subunit vaccines in the art 
The immune response generated by vins (or virus/cytola^) producer ceik lymphoid 
organs according to the subject invention is a complete axitiviral response. For example, where the 
producer ceils are denfciticcdls and the attenuated vinisbintegrase-negattve HIV-1 able to produce 
proteins in the infected cells, the immune response can occur bv the following nwmt - 

(a) antigen presenting dendritic ceUs (primary antigen presenting cells) migrate with the 
acquired DNA into the lymphoid organs where, upon protein and vims production, they stimulate 
naive and memory T-eells and provide cc^stimulatory signals. Thomson et al (1995) 
Transplantation 59:544-550; 

(b) immune cells respond to the viral antigens and the free virus produced in situ by the 
dendritic ceils. For example, dendritic ceils and macrophages present in the lymphoid organs have 
the ability to present viral antigens to both CD4* and CD8* T-ceUs; 

(c) the anatomical co-location of antigen, antigen presenting ceils (APC), and T-ceUs in 
lymphoid organs, promotes the initiation ofaT-ccU response. Mammals use cytotoxic T-ceUs and 
natural killer cells to eliminate infected or otherwise compromised ceils and tissues. Cytotoxic 

25 T-ceUs recognize peptides presented by MHC class I molecuksaixiiuuuralkilkrcefe 

absence of MHC-I, a common consequence of vims infection and mniignimt transformation; 

(d) the iftrminted virus produced by the dendritic cell may infect other immune cells (e.g., 
CD4* lymphocytes, dendritic cells, and macrophages) in the lymphoid organs. Viral antigen will 
also be presented to effector cells; 

(e) the antigen in the lymphoid organs stimulates the production of cytokines. These 
cytokn»hflveanefl&cte [1995] J Immunol, 154:5071-5079) 
and B*cdl mediated immune response, mediate natural immunity (e.g., interferon, CDS inhibitory 
factor), and regulate activation, growth, and differentiation of lymphocytes and hematopoiesis. 
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Therefore, production of cytokines) together with the attenuated virus cm augment and direct the 
immune response; and 

(0 attenuated virus (as extracellular antigen) and CD4+ helper lymphocytes can activate 
macrophages for phagocytosis of the antigen, and activate B-cdls for antibody secretion 

Thus, the subject invention is useful in the prevention and treatment of viral infections and 
other pathological conditions including, but not limited to, cancer. Another aspect includes the 
combination of DNA encoding the attenuated virus wim tumor antigens. Since genetic immunization 
results in induction of a strong primary and secondary immune response against antigens expressed 
in the lymphoid tissues, immune response will be also directed against foreign atiti g -i ^ (like tumor 
antigens) engineered into the Class 4 virus. The materials and methods described herein can be used 
in the treatment and prevention of a broad range of viral infections "l uting DNA and RNA viruses. 
Specifically exemplified herein are materials and methods for the prevention or treatment of 
pathological conditions of humans or animals caused by retroviruses including fflV, SIV, and 
HTLV-1. As used herein, reference to HIV includes HIV- 1 and fflV-2, unless the context indicates 
otherwise. 

Following are examples which illustrate procedures for practicing the invention. These 
examples should not be construed as limiting All percentages are by weight and all solvent mixture 
proportions are by volume unless otherwise noted. 

Example 1 - Examples of Infectious but Rqih^i^^^^t^ (Class 4^ Vim*** The 
attenuated virus used according to the subject invention must be nonpathogenic. In a preferred 
embodiment, this lack of pathogenicity will be due to an alteration of the viral g«m«f> which 
destn^ its ability to leplkatemfim Such replication defective viruses are preferably obtained 
by deletion methods in order to avoid reversion to wild-type virus. Such deletion methods are well 
known in the art As used herein, reference to attenuated viruses includes mutant viruses. A 
comparison and d efinition of Class 4 viruses are shown in Table 1 awl the subsequent text: 


WO 97/31119 


PCTAJS97/02933 


12 


10 


IS 


20 


25 


30 


Table 1. 


Mechanism of 


Virus 


flttcm'i t^* 1 designation 


Replication above 
threshold 

In normal In co-infected 


Disease 


host 


OT inOUUOO— 

compromised 
host 


In normal In co-infected 

host OT immiMMV 

host 


1 


None 


2 Loss of 
pathogenicity 

3 Decreased 
ability to 

ilicate 


Pathogenic 
Avinilent 


Replication* 
impaired 


Yes 
(Yes) 

No 


Yes 
(Yes) 

Yes 


Yes 
No 

No 


Yes 
No 

Yes 


4 Infectious but 
replicstioo- 


Replicaflon- 
mcompetent 


No 


No 


No 


No 


The "Mechanisms of attenuation** 1-3 shown in Table 1, based on Baba et ai (1995) 
Science 270: 1220- 122 1, illustrate the various classes of viral attenuation demonstrated in the art, 
and the impact of the attenuation on viral ability to cause infection above a threshold level. The 
present invention introduces Class 4 attenuated viruses, described in detail below. According to the 
threshold hypothesis, proposed by Baba, retroviral pathogenicity becomes apparent only after the 
levd of viral replication sivpasses the threshold level in a given host: The threshold kvd is defined 
as that level of infection above which persistent viremia and pathogenicity are exhibited. Figures 
3A-3B, based on Baba, illustrates the threshold level concept: 

Referring to Table 1 and Figures 3A-3B, Gass 1 viruses are unattenuated wild-type viruses, 
capable of replicating above the threshold level and causing disease in the infected host Class 2 

viniwe ljw4f purivyniffity Kwrmi^ afthraigh th«e viruses have the capacity tn replicate competently, 

they are not vkuknt in the host Hence the "(Yes)" in the Replication column of Table 1 . Class 3 
viruses may be replication-impaired by a variety of n % but factors may upregulate viral 
replication and restore virulence once the level of thrcsho*a replication is exceeded Referring to 
Figures 3A-3B, Class 3 viruses cause disease in individuals with lower thresholds. 

More specifically, infection with a Class 1 or 2 virus (see Table 1) results in persistent 
viremia (these viruses are always capable of replicating above the threshold), which is a potential 
danger to the host inkpendent of the patbogenidtyofthe virus (Figures 3A and 3B). For example, 
retroviruses integrate in the host genome randomly, therefore the possibility of activating an 
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ooxgene through baegratm And although normal 

hosts are able to control the replication of Class 3 viruses (Figure 3A), this mechanism is not 
specific, e.g., for HIV, SIV, or for mutant viruses. For instance, Human Cytomegalovirus (CMV) 
infection causes a transient viremia in a normal host; however, in patients after bone manow 
5 transplantation or in ADDS (where the immune system is compromised), the threshold of controlling 

virus replication is decreased (Figure 3B). Consequently, CMV will start to replicate above the 
threshold and cause serious disease. 

Although, in reference to TaMe 1, it might appear initially that attenuated viruses in Classes 
2 and 3 could be suitable for genetic immunization, the opposite is so because these viruses are able 

10 to replicate infinitely under optimal conditions {e.g., tissue culture, immunodcficient patient, 
newborn). For example a Class 3 mutant of SIV deleted in the nef and vpr genes causes AIDS in 
rhesus macaque neonates which have a lower threshold than adults, see Figures 3A-3B Class 3 
viruses are tine relatively unsafe for genetic immunization. Similarly, Class 2 viruses are relatively 
unsafe for genetic immunization because virulence may be triggered by secondary infection by a 

15 virulent virus. For example, while avirulent Rauscher murine leukemia virus (RLV) showed 
protection against low-dose RLV following inoculation with a Class 2 pharmacologically attenuated 
RLV, mice co-infected with high-dose virulent mouse leukemia virus developed RLV disease. Class 
2 viruses, putativeiy avirulent, nevertheless do not protect against high-dose viral challenge and also 
are too dangerous for vaccine purposes because residual virulence may manifest itself. This residual 

20 virulence may be triggered by various mechanisms including co-infection, loss of 

immunocompctencc, and aging. Thus, prior art vaccine strategies based on live attenuated virus 
continue to pose serious dangers. 

Class 4 viruses are not described by Baba, but are mrroducrd as part of the invention 
described herein. One aspect of die claimed invention involves the generation and presentation of 

25 Class 4 viruses which are nttm lwtrrt to remain infectious below the threshold level because they are 

replication-incompetent In the Class 4 viruses replication is self-limited, meaning that zero to 
several replication cycles may occur, replication is not infinite and remains below the disease 
threshold level such that die patient does not contract disease. The Class 4 viruses are also capable 
of infecting cells, but the infection is incapable of spreading to a significant extent because of the 

30 incompetent replication abilities. Class 4 viruses are genetically modified so that they can not 

survive in nature. Moreover, infection with Class 4 viruses never results in persistent viremia. Class 
4 viruses are not able to replicate above the threshold, even if the threshold is the minimum (e. g. , 
optimal in vitro conditions). 
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Because of die limited nature of their infectioo, the Cl^ 4 vinises nnBt be presented to the 
b,j*hA**d UKfliia in order to effect a protective immmioygiig n*gpnn5g Importantly, Class 4 viruses 
are aramjctcdm such a way that escape fi imp^^ u , m iiir» 

Class 2 and Class 3 viruses. Below, we explain in more detail the genoatioo and use of Class 4 
viruses. It is prefe ncd that transduced cdls produce a high leveJ of Class 4 virus in the lymphoid 
organs. Tins may be achieved by the virus' own pronwer/enharw 

be replaced by a stronger enhancer (e.g., CMV, SV40 enhancers) to pranxste gene expressioo in the 
transduced ceils. The goal is to maximire the amount of virus particles produced in the transduced 
cells, which results in stronger primary and secondary antigen presentation. 

Example 2 - Intcgrasc-Dcicctrve Retrovirus 

In the case of retroviruses (e.g., HTLV, HIV), the attenuated virus is preferably selected to 
be iulcyaijon-defixtive to reduce pmhngcnicity and increase safety. The use of such a mutant in the 
invention is important because, to date^ no retrovirus has been shown to be pathogenic in the absence 
of integration. Sakai etal. (1993) J. Virol 67(3):1 169-1 174. An mtegrase^efective virus may, 
however, express all viral proteins in native form except the modified integrase (which also can 
present epitopes). Stevenson et al (1990) J, Virol 64{5):2421-2453. Using integrase-defecdve 
viruses, the genetic information will eventually be lost by cell division, cell death, and the patient's 
unmune response. 

The a tt e nuation must be significant enough to avoid viral mutation or other escape. In 
particular, a point mutation is sufficient to effectuate the desired loss of replication ™"T»tffl5r 
(Cars era* [1995] ttro/ogy 208:242-248), yet this is not preferred because of the risk that the vims 
could mutate to regenerate a functional peptide. Therefore, preferably, the mutation to the gene 
wodd comprise an mserta 100 
base pairs, as long as the desired level of replication is maintained. 

Repfcabm defective viruses harboring a partially or completely destroyed integrase can be 
constructed several different ways: 

(a) In a preferred embodiment, the integrase is 3 '-deleted or at least a section near the 
3 '-end is deleted to place the 3 '-end out of reading fi^me to generate a truncated integnw protein. 
If the protective immune response requires gene expression also in the infected target cgi>? r an "out 
of frame" mutati o n which destroys the 3 '-end of the integrase is preferred. This mutation eliminates 
the active site of the integrase as well as the DN A binding site, and therefore the integrase protein 
will not bind to the non-integrated DNA, thus allowing gene expression and protein production after 
infection of the target cells. See Cara et al (1995) Virology 208:242-248; Stevenson et al (1990) 
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J. Virol 64:2421- 2425. The resulting Class 4 virus will not integrate ate infectioo but wiU be able 
to express a limited aroxim of viral ^ Consequently .its replication will be 
self-limiting: Class 4 viruses stop replicating after several cycles, even under optimal conditions. 
This strategy generates a strong primary antigen presentation in the transduced cells and also a 
strong secondary antigen presentation of the infected cells due to viral gene expression, which is 
optimal for genetic i irirmmirari o n Similar attenuation can be used with other retroviruses and 
onco- retro viruses. 

(b) Mutation "m fame," preserving the 3 '-end of the integral (T _.F^;„. „, ^ rioofjj 
Virol. 66(12):7414-7419;Sakaier<i/. (1993)7. Virol. 67(3):1 169-1 174; Wiskerchen, M. t MA. 
Muesing (1995) J. Virol. 69:376-386) results in replication- and iiitegration-defective viruses. 
These Class 4 viruses are able to infect cells but are not able to efficiently express protein after 
infection of the target cells. Using these viruses for genetic immunization results in an effective 
primary antigen presentation and also a secondary antigen presentation due to the infection. 
However, the secondary antigen presentation from the infected cells is expected to be less effective 
than from cells which are infected and express viral proteins (see above). 

(c) 5 ' deletion of the integrase gene can also be used to produce an mtegrasc- negative 
retrovirus. However, 5 • deletions generate a very unstable proton. Since retroviral integrase is 
generated from a precursor polyprotein together with reverse transcriptase, it is expected that the 
precursorwill also be instable. This protein instability may reduce the efficacy of virus production 
by tne transduced cells, and ctasee?^ 

(d) Another way to generate Class 4 HTV-1 which cannot integrate is to delete the vpr gene. 
Vpr-defectw iiutams can only 

in macrophages because the vpr gene product is inipcrtaiit for mtegration. 

Several integrase mutants have been desmoed m tb* litaature (see re 
etal. [1995] Virology 208:242-248) which are not able to integrate and, therefore, are not able to 
replicate. Since these viruses are able to infect cdls.uieymayput«ivelybeclassuWasClass4 
viruses. For example, Cara etal. described an integrase negative HTV-1, which has a point mutation 
andcantq»lieatemalmin*waym As described 

above, however, the preferred embatrntemccmprises a deletion n^ 
less safe) which exhibits self-limited replication in mnnune cells (macrophages, oendritic cells or 
T-cdls). This is advantageous over the prior « because the attenuated vutjs caiin^ 
type. Inaddm^ttelu^raturehasr^ 

detective or mtegraaxfcfective virus. Siirularry, self-limiting replication of a new virus in dendritic 
cdlsisaKwchaworistktoCIass4viruM Fmally, tlie toerature has not 
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dfftCrihffl HftSi 4 rmitimt vmi^ **\* in flmrate jmnnrw ffttnnfi<tf» when they tm expressed in the 

lymphoid organs. 

example 3 - CKg-Pcf«afr3 r^vmgg 

5 An example of repbcatxa>*icfectivc retroviruses which can stimulate a protective immune 

response according to the subject invention are gag-defective viruses. Gag is processed by the viral 
protease into several structural proteins. By generating deletion mutations within the capsid domain 
of the gag gene, mature particle formation is disrupted, but gene expression is preserved. A 
trans-dominant gag mutant of HIV-1 was described by Trono et al. (1989) Cell 59:1 13-120. 

10 However, no prior art suggests its use in the present uwentioxL This virus can infect cells but is not 

able to replicate in die target cells. Moreover, if a wild-type virus infects the mutant virus-containing 
cells, the mutant virus can block the replication of the wild-type virus. In the case of HIV-1 infected 
individuals, producing such replication-defective mutant viruses in the lymphoid organs in 
acco rtjwra with the subject invention not only generates an immune response, but also blocks the 

15 replication of the wild-type virus. Consequently, the viral load in the lymphoid organs of infected 

individuals decreases, allowing the immune system to respond, 

?r*^T) e * - Other Class 4 Attenuated Retroviruses 

^HhfT Htm A fttt~™t~* HTV vmig^q mhieh m nogfiif in th* present invention include, but 

20 are not limited to, env-defective, proteaseKle&ctive, rev-defective, poi-defective, tat-defectrve (Bcalc 

(1995) Lancet 345:1318-1319), and gp41 mutant viruses. 

Human T-cell rymphotropic virus type-1 (HTLV-1) persists in many years in infected 

individuals, but unlike with HIV-1, only a minority of them develop disease (adult T-cdl leukemia 

or tropical spastic p arapar es i s). There is a high degree of intraisolate sequence heterogeneity in 
25 HTLV-1, fttnv.igfri yrpw*n<^ variation between patients is small c ompar ed to HIV-1. The genomic 

organization of HTLV- 1 issimilar to HIV, d iere fb fe integrase defective HTLV-1 can be constructed 

by any molecular virologist as described for HIV. 

Also, other gr"*« such as gag, pol, env, rex, and tax can be modified to generate a Class 4 

virus. Although somewhat different, all mte^ 
30 and domains. Therefore, the same considerations illustrated for HIV- 1 apply for other retroviruses 

including not only HIV-2 and SI HTLV-1 but also bovine leukemia virus, feline leukemia virus, 

feline immunodeficiency virus, etc. 
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Example 5 - Other n m * MrvrtrJ v^HITI 

Ncxwetjoviral viruses that can be nttrnnntcri to fit the Class 4 model include herpes viruses, 
mfliifin7n viruses and vaccinia viruses (W). There is a need for the development of Class 4 viruses 
fir imnnrc therapy. For example, efforts to create an anmnated respiratory syncytial virus vaccine 
5 have been unsuccessful until recently. Hsu et ai ( 1995) Vaccine 13(5):509- 515. Although Hsu et 

ai. have apparently developed a temperature-sensitive attenuated virus, that virus remains 
uncharacterized genetically. A better approach would be to design a Class 4 virus as discussed 
above. 

Generally, Class 4 RNA-viruses can be constructed by modification of the polymerase gene. 
10 Biswas et ai (1995) J. Virol. 68:1819-1826 demonstrated that viral polymerases contain four 

conserved motifs critical for primer binding function. Genetic alteration of one or more of these 
domain renders RNA viruses, including influenza viruses, retroviruses, yeast 1-A virus, and 
poliovirus polymerases impaired; therefore the progeny virus are xeplkatioti-mcompetent. 

Herpesviruses that may be attenuated for use in genetic immunization include herpes 
15 simplex virus (HSV), pseudorabies virus, and alphaherpesvirus. Specifically, Cheung and coworkers 

have developed a replication-incompetent virus that is only mildly infectious in swine. The 
attenuation involved deleting DNA encoding parts of two gene products: early protein (EPO) and 
large latency transcript (LLT). Cheung e/ a/. (1995) .Art. J. Vet. Res. 55(12): 1710-1717. 

Similarly, Farrell and coworkers have developed an attmnatcri live human herpes simplex 
20 virus type 1 capable of only a single round of replicatkn and, therefore, lacJdng p 

This attenuated virus lacks essential glycoprotein H (gH) and can only be propagated in a cell line 
that provides gH in trans. Inonier toeffeairnmumzation, the virus must be propagated in vitro and 
then inoculated into the subject ammaL ¥mdtetal. (1994) J. Virol. 68:927-932. According to the 
invention described herein, the DNA encoding either the gH-lacking virus, or preferably a 
25 gH-defective virus, can be introduced into cells migrating to the lymphoid organs, where the single 
round of replication results in a nearty whole virus being presented advantageously to the ixnmune 
system. 

Alternatively, scientists have pursued other replkamon^ectivc human herpes simplex type 
1 viruses for vaccine purposes. For example, Morrison et ai (1994) J. Vtroi 68(2):689-696 used 
30 replication defective (Class 4) HSV bearing mutations in the essential genes encoding infected cell 
protein 8 QCP8) or ICP27. Mice were innrnmiml with a high dose of mutant virus by 

tad-mOCUlatkXL Alrlmgh such viruses have pmvidgri immunity m mir* ftl<? type ftf mwmmi ration 

did not provide protection against acute virus replication in the eyes and in the trigeminal ganglion. 
According to the invention described herein, DNA encoding Class 4 HSV would be introduced into 
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cells migrating to the lymphoid organs, where virus replication and antigen presentation would 
indu c e strong antiviral immunity. 

Analogous to these examples, baaed en sequence *nA fiiwrirmut <rimilarity of hopertincci, 
other herpesviruses can be converted to Class 4 viruses and produced in the lymphoid organs. For 
cxainpk; productive infe^ (KSHV) was recently demow^ 

cells (KS-cells) (classical, post-transplant, and AIDS associated), «3afinning the epidemiologicaJ 
evidence of the infectious etiology of KS. A genetic immunization, according to the present 
invention, with Class 4 HHV^ can be used to confer protection against Kaposi's sarcoma. Another 
herpesvirus example is the Human Cytomegalovirus (HCMV) infection which causes numerous 
clinical syndromes in immunocompromised individuals, some which are life threatening. These 
infections can cross the placenta and infect a fetus in utero, resulting in «mernital birth defects. 
Genetic immunization with Class 4 HCMV (which may be made by deletions of genes responsible 
for viral DNA replication, e.g., riboraiclcctide reductase, thymidine-kinase, polymerase) can be used 
to confer protection to these diseases. 
15 Papillomaviruses are small DNA tumor viruses that are associated with epitheliomas, 

squamous papiUnmas, or fibrnpanillnnre depending upon the host and specific papillomavinis type. 
Despite the encode d oncogen with potent transforming activity, papillomaviruses typically induce 
discrete epithelial hyperplasias that persist for many months to years. Only occasionally do benign 
papiUomavirus-induced lesions change to progressive growth or convert to malignant neoplasm 
(Howel et al [1988] Am. J, Med 85:155-158). Papillomas rarely regress spontaneously (Kretder 
etaL [1968] Cancer Res. 23:1593-1599X m^^g that the immune system can recognize infected 
cells. Thus, papiUotnavirus^mfected epithelial cells can not induce a sterilizing immune response. 
The invention described herein overcomes this problem by producing mutant papillomavirus in the 
b^nphoid organs where a potent imm^ Moreover, recent studies have 

25 demonstrated mat the product of the virus-encoded E 1 gene is essential fry viral DNA «y nthey ff j n 
bcrvmepapilkxnavTO etaL [1995]/ Virol. 69:2341-2350). Thus, a Class 

4 BPV can be constructed far genetic hrnnuniyatton by mutation of the El gene and deletion of the 
transfbrmmg oncogenes. 

Ote viruses used mcuntmvac^ efficiency 
30 if delivered to the lymphoid organs as described herein. In particular, replication-incompetent 
poxviruses used as summit vaccines exhibit little and nc*>-reproducible efficacy. However, the broad 
host range and the ability to express multiple genes makes vaccinia virus vectors suitable for genetic 
nnmunizatioa Direct ino c ulati o n of such vaccinia based vaccines into the sitin have not generated 
a reproducible protective or effective immimc response. For example, GaUimore et al reported 


20 


WO 97/31119 


PCT/US97A)2933 


19 

immimi ration of monkeys with recombinant vaccinia virus carrying an SIV gene ([1995] Nature 
Medicine 1:1167-1173). Despite triple inmxiucaon of high amounts of vaccinia virus by 
scarificator kfcn^ Thcrefc ^ 

protective immunization cannot be achieved mis way. ^traduction of those viruses into cells 
travdrngtothcryir^ 

of the immune response. This recombinant vims can carry any foreign gene, e.g. , tumor antigen, to 
£&udiAie, for example, antitunw immune n^pense. The mechanism is similar to that described with 
HIV, above, but niay be stra^ 

more secondary APCs. Thus, to iinrmme respond vaccinia as well as 

against the foreign antigen (or antigens) cloned into the vaccinia virus vector. Non-replicating 
poxviral vectors have been already created, but not for use in the present invention. See, e.g., 
Radaellierai (1994) Vaccine 12:1110-1117; Tartagliaer ai (1992) Virology 188:217-232; Taylor 
etal (1991) Vaccine 9:345-358. 

Wild type viruses which do not productively infect cells in the lymphoid organs are also 
Class 4 viruses, tf their prccHiction is limited in the rymphoid organs. Gene expression from the 
transduced DNA of these viruses nuy also generated 

pathogenicity. However, fcr safety reasons,* is suggested that aie rtnden me vir^ 
replication-maxnpetent 

Exarnp|<j 6 ^omhitumon of Class 4 Attenuated Vims with ry ^iM* 

DNAenoodmgaOa»4vinu 
immune modulatrng mn lmi fr m addition to the generic material encoding the attenuated virus. This 
creates a >inia/c^ Examples of cytokines which c 

immune response or direct a particular iminuiK res but are not limited to, IL-1, IL-2, 

EL-3, IL-4, EL^, IL-7, IL-12, IL-15, IL-1 6, TNF, GM-CSF, IFN, and chenioJdnes, such as 
RANTES and M1P1. See, for example, Dranoff et al (1993) Proc. Nad Acad. Set, USA 
90:3539-3543; Nohria, A., R.H. Rubin (1994) Biotherapy 7:261-269; Wolf* ai (1994) Stem Cells 
12:154-168; Kelso A. (1995) Immunol Today 16(8):374-379; Bcntwich et al (1995) Immunol 
7o^l6(4):187-191;GanideerflI (1995) Immunol Today 16(5):220-223; Cocebietal [1995] 
Science (Dec. 1 995 X and the references cited in these articles. 

In the case of disease caused by retroviral m&ction (e.g. , HTLV- 1 and HIV) it is particularly 
advantageous for a rephcation^cfec^ virus to be produced by me virus producer cells in the 
rymphoid organs. For example, HTV-1, HIV-2, FTV\ or SIV, can infect in the rymphoid organ CD4+ 
T^macrophagtsandderj^ After internalization and reverse transcription of the Class 
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4 vine construct of the subject invention, trie target lymphoid cefe 

of the defective virus. Thus, production of intact retroviruses in the cytc4me-rich rynmhoid organs 
does induce an i«mnw response against the viral antigens. The exact nature of this immune 
response can be modulated according to the subject invention based on the nature of the 
vintt-p reKftT ^ g eyt^nne pattern present in the rymphoid organs. Therefore, the nature 

of the immune response can be infhrnrrri by co-uttoAictkn of a cytokine gene into the virus 
producer cells. Consequently, these cells produce in the rymphoid organs attenuated viruses and 
cytokines together, thus promoting a specific type of immune response against the virus. For 
example, the gene frre**mg IL- 1 2 has been cloned and expressed in vitro . Dendritic cells producing 
IL-12 have been shown to enhance lFN-producing Thl ceils from CD4+ T cells. Macatonia et al 
(1995) 1 Immunol 154:5071-5079. Standard techniques may be used to clone the gene for IL-12 
into the DN A encoding die C lass 4 virus described above, so that cells transduced with this DNA 
will also express IL- 12. The expression of IL-12, along with the Class 4 virus, in the rymphoid 
organs the subsequent immune response involving Th ceils. This t e chni que is applicable 

wim any doned cytokine gen^ Moreover, the transfer of genes encoding cytokines 

into lymphocytes and tumor cells has been proposed (Schmidt-Wolf (1995) Immunol Today 
16(4): 173-175), but the CTinfr""*'"" of the cytokine gene with the Class 4 virus and its production 
in the lymphoid organ, as contemplated herein, will prove even more advantageous as a method of 
enhancing genetic » wwm mi rwtmn 

Tft flmpfr 7 - rYtmhinrt jon of Class 4 A nTI"^ V 'H" with Tumor Antigens 

As described above, the present invention is useful to generate an antiviral immune 
response. Another aspect of the subject invention includes the combination of DNA encoding the 
a ttcm i tH virus with tumor antigens. Since genetic immunization results in induction of a strong 
immune response against antigens expressed in the rymphoid tissues, the immune response can also 
be Qu e ue d «g*m«t foreign antigens engineered into a Class 4 virus. Ail tumor cells express genes, 
the products of which are required for malignant transformation. Even after transformation, tumor 
formation is often the result of an twfTte^nt immune response. It is also well known that an 
effective »ntitnmnr immune response can result in tumor regression. Tumor cells which express 
antigens that an irnmune response in the host have been demonstrated in both animal models 
and human cancer patients. See generally Abbas et a/., supra at pp. 357-375. Therefore, Class 4 
viruses can be used to generate an antiviral rmrmmc response which in turn generates anticancer 
Wntmrniratinn Examples of such antigens include MAGE-1, exhibited in 50 percent of rridanomas 
and 25 percent of human breast carcinomas; p21ras proteins with point mutation at position 12, 
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«M*adin lOpercentof Innnan carcinomas; p2 l mdmo(bcl/M nm a i g eWab ^ in 

cervical carcinoma; and EBV EBNA-1 gene product exhibited in Burton's lymphoma and 
-asc^b^c.nncm. Two more-UK*^ characterized human cancer-related antigens arc 
aipha-fetoprotrin and can^bryonic antigen. Recentiy, Grabbc « al. have reported that the 
differential presentation of tumor antigens by antigen-preaenting cells may be critical for the 
cfltervenessoftunwimnaKr^ 

InaprcWcn^odimeatoftomvention.Q^ 
*Cm*4^tAmrn,mmmmmmm*Mm. The DNA encoding the Class 4 virus can be 
«gu»ed to also expresses or nx«^ A«**dingly, cells expressing and present** 

anngensmthelymphc^agafflerE^ 

thata^ge^^maddttiontothe^rfluner^ Cytokine genes ^so 

clc«iin to Cla S s4viruses W imthetun^ 

OneexanplefaOa^viniseswltt^^ 

Tlusvirus.seasyton^pulatttoeffidemlyex^ 

•t P oss.ble to generate not only primary antigen presemmg e^ ^ soeondmy antigen 
JJresendngcdla. Another example is the use of inlegrasc negative HIV. fa this virus, nef is .nearly 
lughly expressed proton. Irnroducu^ a turnc, antigen m the nef <^ 
deleted mtegrase can confer not only aiitiviral but also aiaitunor h^ 

Example g-Jnn,^^^ 

The va us producer cells of the present mvention are preferably transduced cells 
Transduced cells cany the DNA encoding the Class 4 attenuated virus, and optionally in addition 
to the viral DNA, genetic material encoding cytokine^) and/or tumor antigen(s), into the lymphoid 
W^ttaDNAencc^fceatt^ 
The cytcto. and tumor antigen enc«h^ 

»c<^.ntigenp rc s en ^ However, this 1S not necessary . Cytokine 

or turner antig«r)NA can also be mm^a^ttevn^ 

Phstmd. AlAftai^.dbe.h.^^o^ produoa cells to aclueve the same 
aug m e n t at i on of the immune response. 

haprdern^emlxxlimemofthe^ 
of the aforen^ntioned attenuated viruses, including, for example, mtegrase-defective or 
rephcaoon^efective viruses, are the cell, of lymphoid organs or are cells which preferentially 
nugrate to the rynnAo.d organs. Transduction of these cells * particularly advantageous because 
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tk. ly^ptwv^ org.™ «n> the primary site of me induction of « hosts natural defenses against viral 
infections. In ^particular* preferred enibo^ However, 
several dif&rem types of cells can be used as vima producer cdb m the lyinphcM dasue. The cells 
that caa be used as virus producer celb are 

Rumple o - MffV>poii« iff *yrmti l> w,lrit ' e "*• 1 J " CT!rt " m< Cdh 

Class 4 virus producer cells are preferably produced by introducing DNA encoding an 
attenuated vims to dendritic cdls (abundant in the lymph nodes and spleen) or Langerhans cells 
(found in the epidermis) which are bone marrow-derived and extremely efficient at presenting 
antigens to CD4+ helper T-cells. CD8* cytotoxic T-cells. and naive T-cells. Grabbe et al (1995) 
Immunol. Today 16(3): 1 17-121. Langerhans cells are capable of migrating firm the skin to the 
lymphoid organs. Abbas et al. supra at p. 124. Moreover, Thomson et al. ([1995] 
Transplantation 59:544-55 1) have shown that In vriro-cultured dendritic cells are turning to the 
draimngtyniph note and Dendritic cells are, indeed, 

"professional antigen presenting cells." Additiaialry.ftiragnprotOT 
can gencrateaCTL response (Rouseero/. [1994] J. Virol 68:5685-5689). which is advantageous 
for the ultimate complete diminution of infected or viral antigcr>-pTC<lucing cells. 

Dendrite cells can be isolated umbilical cord blood, 

and other organs "*i"™£ techniques known to those skilled in this art. A simple procedure 

described to generate dendritic cells has been recently described using granulocyte macrophage 

colony stimulating factor (GM-CSF) plus IL4 (Romani er al. [19941 J. Exp. Med. 180:83-93; 

SaUusto et al [1994] J. Exp. Med. 1 79: 1 109- 1 1 18). 

Thm, a prrfrrrH mh^i""* "f invention employs dendritic cells to carry the Class 

4 attenuated viruses to tte ryni!>bc« e**ans. These cells can be isolated, transduced with DNA 

exKxfag an attenuated vir^ DNA encoding attenuated virus such as 

the 3 '-deleted irtegrasedefecriw 

processes outlined in Examples 13 and 14. 

In accordance with the present inventk»,Bllogenfcdend^ 
coniblooo\ can also be transduced to create v^ This allows antigenic producer-cell 

transplantation in the absence of graft-versus-host disease. Allogenic cells are easily obtained 
tbraigh practices weUkr^ to th^ DNA encoding the attenuated virus 

is introduced into allogenic cells by the methods described below in Examples Band 14. 
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Fibroblasts can also be transduced with a Class 4 attenuated vims of the present invention 
to create virus producer cells. It is known in the ait that fibroblasts can be used to induce T-cell 
response because they cany and efficiently present the antigen to the lymphoid organs (Kundig et 
5 al [1995] Science 268:1343-1347). Fibroblasts are easily obtained via practices known to those 

of ordinary skill in the art and are transduced by the methods described below in Examples 13 and 
14. 

f ¥fl pifllft 1 7 - Allogenic or Xenopenk Cells 

10 In accordance with the subject invention, transduced cells cany Class 4 DNA-to lymphoid 

organs and produce virus. The free virus in the lymphoid organ stimulates immune cells for antigen 
presentation and immune response. Consequently, the transduced cells are recognized by the 
immune system as infected cells and are eliminated, regardless of whether the cells are autologous 
or allogenic. The difference may be the speed of elimination. In case of efficient vims production 

15 and antigen presentation transduced cells may induce sufficient immune response in a shorter period 
of time. If the transduced cell itself is unable to act as the primary APC, the produced virus can 
function as a free antigen, and the infected cells can function as secondary APCs. Large amounts 
of either allogenic or even xenogenic transduced cells may be produced, and aliquots can be used for 
genetic immunization for all individuals. 

20 It should be apparent to those skilled in the art that in additioo to those discussed above, any 

other cells able to produce virus or virus/cytokine(s)/tumor antigen(s) in the lymphoid organs can 
also be used as virus producer cells to introduce Class 4 attenuated viruses directly to the lymphoid 
organs to achieve the advantages of the present invention as herein described 

25 Example 13 -Z» vitro Transanffrffl ffti Administration of Transduced Cells 

Genetic, material is introduced into the appropriate cells to convert them to virus or 
vinis/cytokine producer cells. The appropriate cells are obtained through any variety of methods 
kncratothoseofoniinatyslriUm The cells may be obtained from the patient to be treated, 
as an autologous source. Presentation of antigens in association with MHC and co-stimulatory 

30 moJncuks results in enhanced cell mediated response. Cells from different individuals or different 
species may be selected for transduction into an unrelated patient because Class 4 virus is produced 
from transduced cells which can infect the patient's host cells which then present the antigen in 
a sso ciat i o n with the host MHC and co ^timulator y molecules, therefore these xenogenic infected 
cells can also function to cany the viral DNA to the lymphoid tissue. 
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In vitro transfer of DNA encoding Class 4 viruses can be perfbnned by using, for example, 
infection, clectroporation, liposomes, virosomes, DNA-polyiysino-adenovinis ^mpi^fs, OT 
polyethyioMimne. These methods are well known to those skilled in the art For example, methods 
for using liposomes to cfcfrrc genetic material to specific cells have been described in detail in WO 
92/06677 (Schreier et al [ 1992]). Alternatively, viruses (e.g., vaccinia or pox viruses) capable of 
abortive infection (more than one cycle) can be used to effectively transduce DNA in the cell and 
produce Class 4 viruses. 

In accordance with the present invention, vims producer cells, such as transduced cells, may 
be administered to the human or animal subject by: 

(a) Intresplenic injection. This is preferred because it results in the highest probability 
of the transduced cell reaching the lymphoid organs. 

(b) Injection directly into the lymphatic system. 

(c) Injection directly into the tonsils is also prefened because it is an accessible 
lymphatic organ. 

(d) Intravenous injection. The dose depends on the amount of virus produced bythe 
vims producer cells. Repeated administration of virus producer cells can be used 
to augment the immune response. 

(e) Intraperitoneal injection. 

(f) Intradennal injection. 

(g) Intramuscular injection. 

In practice, the optimal number of cells to be injected and the repeated injection be 
established on a per-pabent basis, based cn the generated immune response. This detenninatkm can 
readily be made by a person skilled in the axt having the benefit of the subject disclosure. 

vivo Transduction 

In accordance with the present invention, DNA encoding a Class 4 attenuated virus, with 
or without associated tumor antigen or cytokine genes, may be administered directly to the cells for 
tr ansdu ct io n and migration to the lymphoid system by: 

(a) Direct DNA injection. After intramuscular, intraspknic, intratissular or 
intradermal injection of the plasmid the DNA is picked up by cells which 

become vims or virus/cytokine(s) producer cells in the lymphoid organs. D. 
Weiner (1995) Aids Research & Human Retroviruses 11(1):S136) has 
demonstrated that DNA injected intramuscularly is expressed and gmtr*^ an 
immune response. DNA so incorporated by dendritic cells present near the 
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irgcction site may be carried to and Direct DN A 

injection in accordance with the present invention preferably is made into sites 
loaded with dendritic cells, e.g. , the tonsils or spleen, to achieve optimal antigen 
presentation. 

(b) Injection of liposomes or virosomes containing the DNA. Virosomes and 
liposomes can be used to deliver DN A to dendritic cells. Intradermal, intrasplenic, 
intratonsillar, intramuscular and intravenous injections are preferred 

(c) Direct intrasplenic injection of Class 4 pox viruses, which can abortively infect 
human ceils. DNA can be delivered in vtvo directly to antigen presenting cells by 
infection and vims particles will be produced in the lymphoid organs. 

(d) Rectal or vaginal suppositories carrying, tor example, DNA, Liposomes, or 
virosomes may be a partialis method of delivering DNA encoding 
Class 4 constructs to cells migrating to the lymphoid organs. Moreover, 
suppositories avoid the need for sterile needles or medical facilities, and provide 
antiviral therapies othmvisc lacking in developing countries. See, eg., Mariink*/ 
al (1994) Science 265: 1587-1590. 

Example 15 - Q^rtMic ^mmimi^^ for Ppp rentjon and Tr^ tnyynt nfrhc^^c 

Genetic immunization according to the subject invention results in induction of a strong 
immune response against antigens produced in the lymphoid organs; consequently, genetic 
immunization according to the subject invention is useful for prevention and treatment of diseases 
like viral infections and cancer. Additionally, attenuated, replicationKkrfectiv* and/or integration- 
defective viruses used for genetic immunization are highly advantageous because they cannot 
establish mfccuon, cannot 

and do not influence cells responsible for reproduction. 

tattecaseofanepidemklikei 
(e.g- 9 breast cancer), the use of genetic mrnnim/nri on as prevention is particularly appropriate. In 
the case of viral infections the genetic rnirmmizmion preferably generates loog-lasting and 
cross-reactive inummity. This is not possible with present vaccine candidates because subunit 
vaccines often do not present antigens m the correct place or m ^ 

likelihood of inducing cross^eactive memory T-celis is snull. Although live attenuated viral 

vaccines have provided cross^^ 

immunization. 
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Hie invention described hcran solves major problems in vaccine development by presenting 
antigens in correct conformation in the place where the immune response is generated. 
Consequently, the immune response is long-lasting and cross-protective. Moreover, since an 
attenuated vims is produced where the immune cells are concentrated, infection of bystander cells 
5 results in antigen presentation which leads not only to induction of humoral and cellular immune 

responses but also induction of natural immunity (e.g., natural killer cells and macrophages) and 
production of soluble factors (e.g., cytokines, interferon, chemokines). Memory T-ceils, other 
responding cells and soluble factors continuously circulate in the blood and reach the skin and the 
mucosa, where they generate a rapid immme response to viral or tumor antigens. Moreover, genetic 
10 immunization against HIV-1 can result in a long term cross-protective immunity. Similarly, 

attenuated viruses can be used for vaccination against other retrovirus-induced diseases because 
retroviruses cannot replicate in the absence of integration. For example, integrase-defective HTLV-l 
can be used for vaccination of persons infected with HTLV-2, which causes leukemia and 
neurological diseases. Also, integrase defective retroviruses can immunize cats against FTV or 
15 bovines against BLV. 

The genetic tTnTmmWutirm techniques of the present invention can also induce an immune 
response m cases where the pathogen or disease is already present and is especially be nefici a l for 
tieatm e ut when the immune response induced by a pathogen or oncogen is not a d eq u ate to eliminate 
infected cells or tumor cells. In the case of HIV infection, the therapeutic effect of genetic 
20 immunization depends on how fast the response is carried out after inflection. Long term 

non-progressors, characterized by low vims burden and intact lymphoid organs, may clear the virus 
after genetic immunization. In contrast, patients characterized by high viral load and destroyed 
lymphoid organs may not develop therapeutic immunity. These patients 1 bodies should first be 
repopulated by cells genetically resistant to infection, which can be achieved by introducing an 
25 antiviral geoe into stem cdls and/or peripheral cells (Lisziewicz et al [1995]./. Virol 69:206-212). 

If the immune system is able to regenerate it will automatically eliminate die residual viruses, 
rvwti* iwwiMim jtwt r«n «faf> he used m * therapy m HTi.V-i infection, where only a small portion 
of the patients develop disease. 

The genetic immunization techniques of the present invention can also be used as 
30 mrrnntfift^iiei my/y for tumors. Current strategies are aimed to create a cytolane-rich environment by 

transfecting tumor cells with cytokines or convening the tunxv cells to anrigen presenting c^ 
transfecting them with co-stimulatory molecules. Kundig etal ([1995] Scienct 268:1343-1346) 
si iggestcd that tumor cells can be delivered into the lymphoid organs, which are naturally cytokine- 
rich, to induce a protective immune response. The subject invention provides for genetic 
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uruzatwn agamst tumors One application is for the treatment or prevention of tumors 
generated by a viral infection (directly or indirectly). In these cases, viruses can be genetically 
modified to become Class 4 and genetic nmumatwiperfcnned* 

The subject invention can also be used fir the prevermon and/or tirsiinent of tumors wn^ 
arc not a result of a viral infection. All tumor cells express genes, those products required for 
maugnam transformation, hmariy instances, tumcr^ausn^ For 
example, MAGE-1 (melanoma antigen- 1) is expressed in up to 50 percent of melanomas and 25 
percent breast carcu>oinas,btt^ This gene can be inserted 

into a Class 4 virus (e.g., vaccinia or HIV) and transduced (or infected in the case of pox vectors 
which abortively i nf ect human rt lis) into cells where an immune respoMc i« *£.i~*f >k> 

tuner arsigen and the Class 4 vmis. Another method used to generate an immur* response against 
ftimor aiBigens is to transduce r^ 
in this esse, a secondary immune response (di* to mfectton of 
agamst the turner antigen. The cytotoxic T<eU response generate 
elmnnam the tuirw celb and 
this tumor. 

Any Class 4 virus can be used according to the subject invention for antitumor genetic 
immunization. It is preferred that the Class 4 virus has tropism to infect the immune cells in the 
iytnphdd organs to generate the secondary anugm presenting cells. Replication defective vaccinia 
virusvectors are already devekped for clinical use. These Class 4 vaccinia viruses are characterized 
byaDroadr«Mnmgeai!dala%^ Therefore, several tumor antigens 

can be iinraluced to coevuiis and genera 

cells. Generation of an immune response against several tumor antigens has great advantages in 
cases where oittltind of rumor can express d (for example, only 50 percent 

of m ela n o m a express MAGE-1). 

FcJlcwngisastep^^descnpticc 
the subject invention. 

> ■ Preparation ofPNA mending integration defect™ mv-| ^ syy 
(a) Deleommto the imegnw gene arc m 
totniiKatethemtegraseinraiidomfasliic^ wrrocharactenzatwi of therms 
used to confirm that the progeny of thevirusisCla^sndiscapabtoofg^ 
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presentation after infection of target cells. Generating on "out of frame" deletion in the central part 
of the integrase gene is preferred. Figures 2A-2B illustrate the wild-type HIV genome, the 
particulars of the integrase protein, and an example of the attenuated integrase gene that generates 
aClffis4virus. Specifically, this mutation results in a truncated integrase protein which starts at the 

5 5 ' -end as the wild- type and stops at the Orst stop codon after the deletion. The mutant protein can 

be, for example, about half the size of the wild-type integrase. 

(b) Targeted deletion within the integrase gene can be generated by PCR (in the 
presence of a proofreading enzyme). Plasraid DNA encoding an HIV or SIV provirus can be used 
as a template. Primers are designed to anneal to the integrase gene at the site of the desired 

10 defences). The deletion can start 5' from the active site of the integrase and finish at the JJ ' -end of 

the integrase. The generated PCR product is a double stranded DNA, which is ligated to obtain a 
circular plasmid with the deleted integrase gene. DNA is amplified by PCR or transformation into 
a microorganism such as £ coii or yeast. Using this strategy, the 3 '-end of the integrase gene can 
be eliminated. This is a preferred strategy because (a) epitopes from the 5' -end of the integrase are 

15 presestedfiom transduced or infected cells, (b) destructions 

in drkfr™ of tte active site of the protein (maximizing safety because of the lack of integration), and 
(c) eliminating the 3'- end of the molecule decreases the binding of the integrase to the unintegrated 
DNA. Since this protein-DNA interaction inhibits gene expression, maximum efficiency of gene 
expression in the infrrtH cells is achieved by truncation of the integrase protein at the 3 -end 

20 Similar truncation of the integrase was already demonstrated (Cara et al (1995) Virology 

208:242-248), however, the Cara mutation was a point mutation which is less safe for the genetic 
if TCTTTiiMtirtn of humans. In addition, Cara and other work with integrase-aegative viruses have 
only analyzed the virus production in rympbocytes and macrophages, but have not characterized the 
jmtipji presetting properties of the infected cells, which is a key element for genetic immunization. 

25 

7 ft, ^ ehmctBirsiirrn nf jnttff™*™ defective vinwfM und sritttion of Clntt 4 virmcS 

for genetic inirmBiiMtiflfr 

fn> ChttTCfl , rri" tiop of Claas 4 integrase detective viruses. In one embodiment, 
integrase-negative virus particles are produced after transfectkn (CaP0 4 procedure) of 293, HeLa 
30 or HcLa-Tat cells lines. The amount of viral particles can be determined by p24 or, in the case of 

SIV, p27 antigen capture assay ( hnmunotech). These viruses are then used for infection of activated 
(PRA+11^2) primary human peripheral blood mononuclear cells (PBMC), primary CD4* T-cells, 
primary macrophages and/or dendritic ceDs cultured under optimal conditions for HIV/S TV infection. 
Virus production and spread can be monitored by antigen capture assay and PCR. Antigen 
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presentation can be determined by a T<ell proliferation assay. These experiments art designed to 
ensure the optimal conditions for virus rrpKcation. Class 4 viruses will either not establish infection 
or the replication wiUtenninate after se*^ Preferably, mutant viruses which productively 
infect cells under these optimal conditions are not further considered for gametic immunization. It 
can also be determined whether these infected cells can present antigens to CD8* and CD4* HIV- 1 
specific T-cdls and for naive T-cells. If the virus can express genes in the absence of integration in 
the infected cells, it will activate HIV-1 specific memory cells. Infected dendritic cells will present 
antigens and activate CDS* naive and memory cells and also present viral antigens for CD4* T-cells. 
The optimal integration defective virus will infect CD4* T-ccils, macrophages and dendritic cells and 
express viral genes in the target cells for antigen presentation. 

(b\ Transduction of human dgffftifa fflh Human dendritic ceils can be isolated 
from peripheral blood, bone marrow and cord blood. The cells can be cultured with GM-CSF and 
IL-4. DNA encoding the integrase negative HIV and SIV can then be transduced into these cells. 
Bectropcration, infection, liposomes, virosomes, and/or potyethylenimine-mediated gene transfers 
can be applied, and optimal conditions for transduction are established using standard techniques. 
After transduction, virus production can be monitored by p24 antigen capture assay and the number 
of virus producing cells monitored by immunofhiorescerKe assay. As described above, antigen 
presentation to memory and naive T-cells can be assayed Strong activation of naive and memory 
T<dls by transduced dendritic cells results. 

<C) Tranriurton of lymphocytes Primary CD4* lymphocytes are isolated from 
normal human donors, activated with PHA and cultured with 1L-2. Integrase-negative HIV DNA is 
then introduced (e.g., decUupuaUon or other methods) and virus production monitored by p24 
antigen capture assay. This experiment can be used to further ensure that integrase-defective viruses 
cannot establish productive infection. Similar experiments can be done with SIV using monkey cells. 

ftfl Transduction of murine fibroblast* pid dendritic ^"g Integrase-negative 
HIV-1 DNA can be transduced into dendrite of murine origin. Virus production 

is monitored by p24 antigen capture assay. This experiment can be used to determine whether 
murine cells are able to express a particular Class 4 vims. 

(e) Evaluation of immune response in humm tonsil histocultiire Human tonsil 
cultures may be used as a moddfer studying^ This is beneficial in the 

present invention if animal models do not fully mimic the characteristic pathology of HTV infection. 
A tissue aifftft method was recently developed (Glushakova et al. [1995] Nature Medicine 1:1320- 
1322) which supports HIV-1 replication according to the cuneminventi^ Integrase-negative HTV- 
1 DNA can be transduced into autologous dendritic cells isolated from peripheral blood as described 
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above. Varying amounts of these cells are then microinjected into tbe hiimn tonsil tissue blocks. 
Tnrtinticn of CTL and antibody responses tie monitored. In subsequent experiments, tonsil cultures 
(injected with dendritic cells) can be challenged by infection with different types of HIV and the 
inhibition of virus replication measured by antigen capture assay. Cross-protection of different 
5 subtypes is easily studied in this model because of the generation of a strong antiviral immune 

response in this system. Similar experiments are p erformed in tonsil cultures isolated from infected 
individuals, preferably children. 

3. in vivo (murine model) testing of genetic iffmfflpjfflfflfln If the experiment described in 
2(d), above, demonstrates virus production by transduced murine dendritic cells or fibrob lasts, the 

10 following experiments can be performed in mice. (Alternatively, human CD4 transgenic mice may 
be used instead of normal mice. In this model HIV- 1 cannot establish productive infection, however 
it may have the advantage that the mutant virus is able to enter into bystander immune cells.) 

Murine model: Tumor cells expressing HIV- 1 proteins (e.g., gp 120) can be generated by 
transfocticn and in vitro selection. These cells are then inoculated into mice which produce tumors. 

15 Induction of immune surveillance via both the MHC class 1 and class Q pathways is accomplished 

bygenetkimmunizatkiiandwu^pTOtecta This murine model also 

tests for genetic immunization against tumors because integration defective HIV-1 carries as part 
of the viral genome gpl20 which, in this model, is a tumor antigen This model differs from the 
previously described models because the transduced cells produe a fixe virus wm^ 

20 by other cells (e.g. , by phagocytosis) in contrast to only expressing an antigen. Other tumor models 

can also be used in conjunction with expressing the corresponding tumor antigen. 

(a) To assess the efficacy of genetic imrmimration, different doses (10 to 10 7 )of 
murine dendritic cells cultured with GM-CSF and EL-4 and transduced with integrase defective 
HTV- 1 can be injected intravenously, intradermal^, intramuscularly, intraperitoneal^, and into the 

25 spleen of syngenic mice. This allows wcrnninitinn of whether genetic immunization with transduced 

dendritic cells induces a CD8* CTL response against gpl20 in vivo and in vitro. Mice are 
inoculated with the gpl20 expressing tumor cells. Development of tumors is subsequently 
nxxmoredfbr up to, Cor example; 60 days. The specific cytotoxicity of gp 120 is also measured after 
in vitro resthmiiatton of spleen cells according to Zinkernagel et al ([1985] J. Exp. Med 162: 

30 2125). This experiment can also be used to evaluate the role of the site of the imccrioci in a particular 

system. 

(b) The experiment described in (a) may be repeated in CD4 transgenic mice. CD4 
cells of these mice can be infected by HIV, therefore comparison of genetic immunization between 
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normal and QMtraiisgenknre antigen presenting 

cells in the generation of immune responses . 

(c) Murine fibroblasts (e.g., fibroblastoma cell line) transduced with integrose- 
defective HIV-1 can be injected as described above to determine the efficiency of the immune 

5 response of genetic immunization with "non-professional" antigen presenting cells in a particular 

system. 

(d) Experiment (a) can be repeated in allogenic recipient cells to assess whether 
autologous or syngenic cells are best far a particular genetic immunization. Since HIV does not 
infect murine cells, secondary antigen presenting cells will be not generated in mice. Therefore, 

10 cross-priming with host MHC may be required in mice, but not in monkeys or humans. 
Alternatively, the produced vims may be processed by the allogenic recipient professional antigen 
presenting cells (even in the absence of infection), which may also result in rejection of tumor and 
CTL response to viral antigens. 

(e) Direct injection (intravenous, intraspicnic, intradermal, intramuscular, 
IS intraperitoneal) of different amounts (1-40 ug) of DNA encoding an integrase defective HTV may 

be used instead of injection of the transduced cells for procedures de sc ribed above to assess the 
efficiency of in vtvo introduction of DNA and whether this method will result in transduction of 
antigen presenting cells, generation of CTL responses, and elimination of tumor cells in a particular 
embodiment 

20 (f) Different amounts (1-40 ug) of DNA encoding an integrase-defective HIV-1 

can be encapsulated into liposomes and virosomes for injection (intravenal, intrasplenic, intradermal, 
tnmnrarccnlar, jntraperitoneal) into a mouse or other host as described above. These procedures help 
to assess the efficiency of these gene delivery systems can transduce immune cells in vtvo, and 
whether in vivo transduction results in an effective CTL response capable of eliminating gp 1 20- 

25 expressing tumor cells. 

(g) Whenoneofthe above procedures results in tumor rejection and generation of 
a CTL r es p ons e to the produced vims, the murine model may then be readily used for testing of 
rectal and vaginal suppositories carrying the integrase deficient HIV DNA encapsulated into 
liposomes or virosomes. 

30 (h) Replication defective vaccinia viruses are able to infect murine cells because of 

their broad host range. Dendritic cells can be infected with gp 1 20-expressing vaccinia virus which 
abortively infects ceils (instead of transduction with DNA). As infected cells can produce infectious 
virus particles (monitored in vitro by titration on a susceptible cell line), these cells are used to 
determine the efficiency of genetic immunization by procedures described above. 
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(i) Once replication-impaired vaccinia (or other pox) is shown to infect murine 
dendritic cells in vitro and produce infectious particles, in vivo infection into the spleen can then be 
perfbnned using different viral doses. Spleens of the sacrificed animals are monitored for vaccinia 
production after in vivo infection. Animals can also be ^"""grti with tumor cells. Tumor 
S development and antitumor CTL activity are subsequently measured. 

Murine Moloney l<aikcmia Vims (MMLV) can efficiently infect murine cells and cause 
leukemia in the murine model Integrase-de&ctive MMLV can be constructed as described for 
HIV-1 and used for genetic immunization in procedures described above. The advantage of this 
model is that mice are the natural hoos of MMLV (as are humans for HIV or monkeys for SIV) and 

10 inhibition of virus replication can be measured instead of tumor formation. Also, integrase-ncgative 

Feline Immun odeficiency Virus may be used in cats as an animal model; however, to assess the 
antiviral activity of genetic immunization, we prefer the use of non-human primates because the 
results can be applied most readily to humans. 

4. In V IYP (P0n-h»mm fflimgft irgfcl) testing of genetic immunization Macaques infected 

15 with SIV develop AIDS within two years, and the disease progression is very similar to HIV in 

humans. Using this animal model, genetic tmrnmiiyti/w can be tested as prevention as well as 
therapy. Integration-defective SIV is expressed effectively in macaque ceils (gene expression is 
property activated by tat), and the produced virus in the lymphoid organs can infect other mnrnnna 
cells and therefore generate secondary antigen presenting cells. This is an excellent model for testing 

20 the efficacy of genetic immunization. 

(a) Autologous dendritic cells cultured with GM-CSF and IL-4 can be transduced 
with integration defective SIV. After intrasplenic injection of different amounts of transduced 
dendritic ceils into naive animals, monkeys are challenged with infectious doses of different SIV 
subtypes. Hunxral and cellular inmruM 

25 are determined After challenge, samples from peripheral blood and lymph nodes can be analyzed 

by RT-PCR to detect viral load This procedure determines die optimal amount of dendritic ceils 
that needs to be injected to achieve protective and cross-reactive immunity. 

(b) The level of cross-protection between different lentiviruses can readily be 
determined for a particular system. Animals can be genetically immunized with a replication- and 

30 mtegrase^defectxve HIV-1. Subsequently, immunized animals are challenged with pathogenic SIV. 

(c) Hie efficacy of a particular genetic immunization in SIV- infected monkeys can 
be studied as follows. Ant ni ag nus dr n ri ri tic cells cultured with GM-CSF and IL-4 can be transduced 
with integnmon-defective SIV. SIV -infected animals receive intrasplenic injections of transduced 
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dendritic cells shortly (I week to 6 months) after SIV challenge. Humoral and cdhilar immune 
responses flTV * cytokine production before and after genetic immunization are determined. After 
challenge, samples from peripheral blood and lymph nodes are analyzed by RT-PCR to monitor viral 
load. This procedure helps to assess the efficacy of a particular genetic immunization as 
5 immunotherapy against SIV infection. 

Example 17 - Cloning of Int cgrase-Defecrive SIV for Evaluation of the Genetic Immunization 
Strategy in Non-Human Primates 
Using the two primers: 

10 FL5: 5'-CTA CTA TGC TAC CCC AAA GGT GTQ CTC-3* (SEQIDNO. 1) 

I I 

(2x stop) 
and 

FL6: 5 -TGA ATT TTA AAA GAA GGG GAO-3', (SEQIDNO. 2) 

15 

long PCR will generate the plasmid shown in Figure 4 harboring a deletion in the integrase gene 
between nucleotides 61 IS and 6257. We have also included two in-frame stop codons to ensure the 
gercration of the truncated integrase proton (two ensures safety). The parent plasmid, p239SpSp5', 
can be obtained through the AIDS Research and Reference Reagent Program, Division of AIDS, 

20 NIAID, NIH, from Dr. Donald Desrosiers. This plasmid can be used as described by Ogden Bio- 

Serviecs Corp., 685 Lofstrand Lane, Rockville, MD 20850, "Special Characteristics," to generate 
bothrymphotropic and macrophage-troptc SIV. For genetic immunization, the macrophagc-tropic 
virus is preferred because of its broader tropism: it can infect both lymphocytes and macrophages. 
This is only one strategy to be used as an example. Other mutants can be characterized to 

25 obtain a phenotype which is capable of only limited replication cycles in macrophages. 

It should be understood that the examples and embodiments described her ein are for 
illustrative purposes only, and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended claims. 
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1. A method for raising an immune response in a human or animal host, wherein said 
method comprises transducing a ceil with a genetic construct which encode a vinw « ^ th*t w<\ 
ceil expresses said vims in a lymphoid organ of said host 

2. The method, according to claim 1, wherein said host is a himum 

3. The method, according to claim 1, wherein said cell is a cell of a lymphoid organ. 

4. The method, according to claim 1, wherein said ceD preferentially migrates to a lymphoid 

organ. 

5. The method, according to claim 1, wherein said ceil is an allogenic cell. 

6. The method, according to claim 1, wherein said cell is a dendritic cell 

7. The method, according to claim 1, wherein said vims is integratwo-defectivc. 

8. The method, according to claim 7, wherein said vims has an incomplete uxtegrase gene. 

9. The method, according to claim 8, wherein said integrase is mutated in the active site and 
in the DNA binding site. 

10. The method, according to claim 1, wherein said virus is replication-incompetent 

11. The method, accordiiig to claim ^ 

12. The method, according to claim 1, wherein said vims is a retrovirus. 

13. The method, according to claim 1 , wherein said vims is a lemivirus. 
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1 14. The method, according to claim 13, wherein said vims is selected from the group 

2 consisting of HIV-1, HIV.2, SIV, HTLV-l, and FW. 

1 .15. The method, according to claim 1, which is pe rfor med prior to viral infection of the 

2 host 

1 16. The method, according to claim 1, which is performed after viral infection of the host 

1 17. The method, according to claim 1, wherein said cell is transduced outside the host's 

2 body and is then administered to said host 

1 18. The method, according to claim 1 , wherein said host cell is transduced in vivo. 

1 19. The method, according to claim 18, wherein said transduction is carried out by viral 

2 infection. 

1 20. The method, according to claim 1 8, wherein said transduction is carried out by retroviral 

2 infection. 

1 21. The method, according to claim 18, wherein said transduction is carried out by 

2 transduction through replication-deficient retrovirus infection. 

1 22. The method* according to claim 1, which further comprises transducing a cell to express 

2 a cytokine to augment or direct the host's immune response. 

1 23. The method, according to claim 20, wherein said cytokine is selected from the group 

2 consisting of IL-1, IL-2, IL-3, IL-4, IL-6, IL-7, IL-12, IL-15, IL-16, TNF, GM-CSF, IFN, and 

3 chemokinesofRANTES,MlPl. 

1 24. The method, according to claim 22, wherein the expression of said cytokine sti mu l at es 

2 a Thl or Th2 type immune response. 


1 25. The method, according to claim 22, wherein the expression of said cytokine stimulates 

2 a natural killer cell response. 
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26. Tte method, accenting to 
a cytotoxic T-cell response. 

27. Tbc method, according to ciaim 22, wherem tbc express^ 
a B-cell response. 

28. The method, according to claim 1, which is used to 
condition. 

29. Thcmethc<accc«iingtodaini I, wherein the immune response is cross-protective. 

30. The method, according to claim 1, wherein said virus is a Class 4 virus. 

31. The method, according to claim 30, wherein said Class 4 virus is injected directly into 
the lymphoid organ. 

32. The method, according to daim 31, wherein the Class 4 vina 

33. The method, aradin^ 
a tumor antigen. 

34. The method, according to claim 33, wherein said tumor antigen is selected tan the 
group consistmg of N4AOE-1, p21ras, hu^ 

of these proteins. 

35. A pharmmraitical composition comprising a ceil which has been transduced with a 
genetic construct which encodes a Class 4 virus. 

36. The phnrmnrnrtkaJ composition, according to claim 33, wherein said cell is a cdl of 
a lymphoid organ. 

37. The rtfirnnacomcai ttyrqxTsmon, according to claim 35, wherein said cell preferentially 
migrates to a lymphoid organ. 
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1 38. The phraaoaMkd composite^ 

2 cell. 

1 39. The phanrwctttfiral composition, according to claim 33, wherein said cell is a dendritic 

2 cell 

1 40. The pharmaceutical composition, according to claim 35, wherein said virus is 

2 mtegration-defective. 

1 41. The phnrtnnccmical composition, according to claim 40, wherein said virus has an 

2 incomplete integrase gene. 

1 42. The pharmaceutical composition, according to claim 41, wherein said integrase is 

2 mutated in the active site and in the DNA binding site. 

1 43. The phannaceutical composition, according to claim 35, wherein said virus is 

2 replkation-inconrpetent. 

1 44. The phar m ace uti cal composition, according to claim 43, wherein said virus has a 

2 mutation in the gag gene. 

1 45. The phannaceutical competition, according to claim 35, wherein said virus is a 

2 retrovirus. 

1 46. The pharmaceiTtical composition, according to claim 35, wherein said virus is a 

2 kntivinia. 

1 47. The pharmaceutical composition, according to claim 46, wherein said virus is sfkrtffd 

2 from the group consisting ofHIV-1, HIV-2, SIV, HTLV-1, and FIV. 

1 48. The pha rmac e uti cal composition, according to claim 35, which further comprises 

2 transducing a cell to express a cytokine to augment or direct the host's immune response. 
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1 49. The pharmaceutical composition, according to claim 48, wherein said cytokine is 

2 selected from the group consisting ofIL-l, IL-2, IL-3, IL-4, 1L-6, IL-7, IL-12, IL-15, IL-16, TNF ( 

3 GM-CSF, IFN, and chemokines. 

1 50. The pharmaceutical composition, according to claim 35, wherein said vims is a Class 

2 4 virus. 

1 51. The pharmaceutical composition, according to claim 35, which further comprises 

2 transducing a cell to express a tumor antigen. 

1 52. The method, according to claim 5 1 , wherein said tumor antigen is selected from the 

2 group consisting of MAGE- 1, p2 Iras, human papillomavirus E6 and E7 gene products, and mutants 

3 of these proteins. 
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